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Method and System for Managing 
Supply Chain Networks 



[0001] This application claims priority to a provisional application having serial number 
06/254J25 filed on December 7, 2000. 



[0002] The present invention relates generally to the field of supply chain management. 
More specifically, the present invention is directed to method and system for monitoring and 
managing readers in supply chain networks. 



[0003] Once considered expensive and impractical, radio frequency identification (RFID) 
technology has proven to be an efficient way to obtain real-time supply chain visibility. 
RFID is more versatile than other identification technologies because RFID can collect and 
communicate information about inventory. Unlike bar codes, which can store only a few bits 
of data, RFID tags can store several thousand bits of data. 

[0004] RFID tags differ from bar codes primarily in the way in which they are read. While 
an optical device reads a bar code, radio frequencies read the information stored in an RFID 
tag (or RFID device). In addition, the RFID tag contains a microprocessor and memory that 
can store a variety of information about the article to which the tag is attached, such as 
expiration dates and other specific information. Additionally, this information can be 
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updated when required. An antenna coupled with an RFID reader is used to transmit and 
receive radio frequency (RP) signals between the RFID reader and the RFID tag. An RF 
transceiver coupled with the RFED reader controls and modulates the RF that the antenna 
transmits and receives. When the RFID tag passes into the energy field of the antenna of the 
RIFD reader, the RFID tag receives the RF signals and transmits a response back to the 
reader. RFID requires no operator intervention to read the tag. The tag needs not be in sight 
to be scanned. In addition, RFID readers and tags may operate with anti-collision or collision 
resolution algorithms, allowing multiple tags to be read simultaneously. 

[0005] RFID readers may also be used in conjunction with other readers (e.g., bar code 
readers) to improve asset tracking in supply chain applications. For example, readers in one 
supply chain application may include bar-code readers, radio frequency identification 
readers, smart card readers, etc. These readers generate asset flow information. Other 
readers, such as presence detectors, bar-code printers, RFID write stations or hand-held 
readers may be required for registering the asset into the supply chain application system. 
Each of these may be connected in a network to provide accurate location and status 
information of the asset. 

[0006] Readers performing the same functions but manufactured by different vendors may 
have different interface specifications and configuration parameters. Because of this, it may 
be complex and expensive to manage a supply chain network having heterogeneous types of 
readers. For example, a supply chain network may utilize bar-code labels and RFID tags 
with different technologies, thus requiring RFID readers from different manufacturers as well 
as a bar-code reader from a third manufacturer. 
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[0007] The interface specification for each of the readers may be different (e.g., LonWorks, 
RS-485, and RS-232). An RHD reader suitable for pallet tracking may require significantly 
different configuration and monitoring than an RFID reader used for tags embedded in 
reusable plastic containers contained on the pallet. Furthermore, many supply chain 
applications require a mix of readers. For example, a package carrier may need a 
significantly different set of readers than a retail grocery distribution system, even though 
both use the same supply chain to monitor and track the same goods. 

[0008] From the foregoing, it is evident that configuration management of supply chain sites 
presents an administrative problem. The installation, configuration, trouble diagnosis and 
other requirements of the diverse equipment necessitate a methodical, well planned approach. 
Conventional paper based methods of handling configuration and maintenance are not 
sufficient to handle the diversity of sites. In addition, a typical supply chain will have various 
equipment installed at many sites separated by great distances and in different countries. 
Maintaining a supply chain of this diversity could easily become costly and inefficient. It is 
the object of this invention to provide an easy and cost effective solution to the problems of 
management of a supply chain network in a heterogeneous environment. 
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SUMMARY OF THE INVENTION 

[0009] A system for configuring and managing a supply chain network is disclosed. In one 
embodiment, a location where the supply chain network requires visibility into the movement 
of goods is provided with one or more site data appliances (SDA). Each SDA is coupled 
with one or more data source equipments (DSE) which may comprise devices of diverse 
technology and manufacture, including bar-code readers and radio frequency identification 
(RFID) tag readers. The system also comprises site servers (SS), one or more of which may 
be at the location. The role of the SS is to provide management and control of the SDA and 
to interface the SDA to the supply chain network. Each SDA is connected to one of the SS. 
The system also comprises one or more data centers (DC) which may be at the site or at a 
distant location. The DC provides high level user interface to the data gathered in the supply 
chain and to manage and direct operations in the event of operation miscues or errors such as 
tag read errors. Each SS is connected to one of the DC. 

[0010] Communications between an SDA and its associated SS are managed using a 
protocol which handles communications for initiation, configuration and management 
information. This protocol is referred to as Universal Data Appliance Protocol (UDAP) and 
will be described in more detail below. Management information comprises the 
configuration data and object hierarchy, property and event information obtained from the 
SDA and from each DSE controlled by the SDA. The information for each DSE is 
assembled into a Description Document which becomes the single, authoritative source of 
information about the characteristics, data handling procedures and event descriptions 
particular to a DSE or to a plurality of DSE managed by an SDA. 
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[0011] The Description Document is assembled by the SDA on request of the SS as part of 
the process of installation, initiation or configuration of a site. On this request, the SDA 
collects the configuration data and other information from the DSE and also from its own 
configuration data. The data is formatted into the Description Document using extensible 
markup language (XML) to mark the data with standardized tags and other descriptive 
coding, and then sent to the SS using the UDAP protocol. The SS in turn sends the 
Description Document to the DC which maps the event type information from the 
specification information with event handlers which specify when and what is to occur as a 
result of the event, for example, how tag reads are to be processed, or what and how, and to 
whom and by what means, notification is to be made if a reader failure occurs. The map of 
event and event handlers is then sent from the DC to the SS. When an event, which may be a 
tag read or an exception occurrence, is generated by the one or more DSE, or even by the 
SDA itself, the map is used by the SS to select the appropriate event handler and equipment 
to execute the appropriate action according to instructions in the Description Document. 

[0012] Reconfiguration or other modification of the DSE is also processed using the 
Description Document as the reference, providing the information needed to process, for 
example, a change in reader parameters or to install a different reader model or type. 

[0013] The significant advantages of the Description Document and UDAP are the 
uniformity of the parametric language, increase in speed and facility with which complex 
system changes can be performed, and the ease with which event information and diagnostic 
information can be handled in the supply chain network management system. 
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[0014] Other objects and features and advantages of the present invention will be apparent 
from the accompanying drawings and from the detailed description which follows. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The present invention is illustrated by way of example in the following drawings 
in which like references indicate similar elements. The following drawings disclose 
various embodiments of the present invention for purposes of illustration only and are not 
intended to limit the scope of the invention. 

[0016] Figure 1 is a network diagram illustrating a supply chain network. 

[0017] Figure 2 is a block diagram illustrating details of one embodiment of a supply 
l3 chain network. 

i 

iQ [0018] Figure 3 is a block diagram illustrating one embodiment of a supply chain 

ip network having UDAP integrated SDA devices and third party devices connected to a 

i UDAP adapter. 

^3 [0019] Figure 4 is a flow diagram illustrating one exemplary process of SDA discovery. 

[0020] Figures 5A and 5B illustrate a Description Document using XML. 
[0021] Figure 6 is an example of a site configuration file. 

[0022] Figure 7 is a flow diagram illustrating a process of mapping a business logic 
component to an event. 
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DETAILED DESCRIPTION 

[0023] A method for managing a supply chain network is disclosed. The supply chain 
networks may include readers such as radio frequency identification (RFID) readers or 
bar code readers that read data from tags, barcodes, etc. The readers are coupled with a 
data appliance. The readers may have similar or different interface specifications. The 
data appliance collects the interface parameters, along with additional information from 
the readers, into a Description Document which is sent to a server to be used for network 
management in the supply chain network. 

[0024] The following detailed description sets forth numerous specific details to provide 
a thorough understanding of the invention. However, those of ordinary skill in the art 
will appreciate that the invention may be practiced without these specific details. In other 
instances, well-known methods, procedures, protocols, components, algorithms, and 
circuits have not been described in detail so as not to obscure the invention. 

[0025] In this description, the data appliance is referred to as a site data appliance 
(SDA). A reader (e.g., RHD reader) is referred to as a DSE. A tag (e.g., RFID tag or bar 
code tag) is referred to as a data source. Network topology at any given site may have an 
SDA configured to communicate with one or more DSE. The server is referred to as a 
site server (SS), An SS may be configured to communicate over a network with one or 
more SDA. Communications between the SDA and SS over the network are governed 
by the Universal Data Appliance Protocol (UDAP) protocol, a set of rules defining the 
communication process. A data center (DC) refers to a data processing system that 
communicates with one or more SS and with the supply chain users. Within this 



description, references will be made to the term <CRLF>. This is to be understood in the 
context of conventional software terminology as "Carriage Return - Line Feed", a 
common delimiter used in data and control messages. 

[0026] The interface specification includes the hierarchy of objects representing different 
components of the SDA and the DSE, and property, method and event information of the 
SDA and DSE. For example, the property information may include configuration, 
memory, antenna sensitivity, etc. The method information may include commands to 
read or write the data source, etc. The event information may include event type, event 
data, etc. 

[0027] The SS also maintains a Configuration Table. Before an SDA can be controlled 
by the SS and tag data be received from an SDA, the SDA must be registered in the 
Configuration Table. In the preferred embodiment, the registration process is termed 
discovery. The process of discovery of an SDA comprises sequences wherein the SDA 
uploads its Description Document to the SS, there to be processed and information 
extracted from it stored in the Configuration Table. Since the Description Document 
contains the property and method elements for the SDA and thus provides all the 
information needed by the SS to monitor and control the SDA, the Description Document 
has a complete description of the SDA and the DSE. 

[0028] After the discovery process, the SS may issue commands to the SDA and receive 
tag data or event information from the SDA, following the syntax and procedures listed 
in the Description Document. The SS also refers to Description Document data in the 
Configuration Table when network management and SDA configuration is required. 
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[0029] The following describes the Universal Data Appliance Protocol (UDAP) 
components and the role in which each plays in the management system. The Universal 
Data Appliance Protocol (UDAP) is comprised of six protocols, four of which are new in 
accordance with the present invention. The system uses these protocols for installation , 
discovery and configuration processes, to exchange commands and data between system 
elements and to handle events occurring in the normal (e.g., tag reads or routine status 
checks) or abnormal (i.e., an error condition) course of operation. In the preferred 
embodiment, the complete suite of six are used. The protocols are summarized as 
follows: 

BOOTP BOOTP, a UDP protocol. Standard according to RFC951 and RFC952. May 



NDAP Notification Data Appliance Protocol, a UDP protocol new in this invention. 

The NDAP Notification Request packet is used in the discovery process to 
initiate the Description Document upload process. 

DDAP Discovery Data Appliance Protocol, a UDP protocol new in this invention. 

The DDAP Discovery Request packet is used in the discovery process when 
the Description Document is uploaded. 



be used by the SDA to request an IP address from the SS. In the conventional 



configuration, the SS listens to BOOTP requests on UDP port 67 and the 



SDA receives its IP address on UDP port 68. 
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CD ATP Control Data Appliance Transfer Protocol, a TCP protocol new in this 

invention. CDATP handles command and response communications between 
the SDA and the SS and also the transfer of the Description Document from 
the SDA to the SS during discovery. 

ED ATP Event Data Appliance Transfer Protocol, a TCP protocol new in this 

invention. ED ATP handles events and acknowledgments between the SS and 
the SDA. 

Simple Network Time Protocol, a UDP protocol standard according to 
RFC 1769. Used to synchronize time between the SS and all SDA on the 
network. In the conventional configuration, the SS and SDA both use UDP 
port 123. 

1 ij The protocols are further explained in the following sections: 

\^ 

NDAP - Notification Data Appliance Protocol 

[0030] NDAP is a UDP protocol that the SDA uses whenever it is required to establish 
or reft-esh its Description Document and the data in the Configuration Table. Typically 
this is performed when the SDA is initially installed or when the site network is 
reconfigured or the SDA assigned a new IP address. The SDA sends an NDAP 
Notification Request packet every NDAP_INTERVAL seconds and terminates the 
NDAP Requests when the SS requests the Description Document. If a DDAP Discovery 
Request (discussed later in this description) is received while Notification Requests are 
being sent, the Notification packets are suspended for DDAP_INTERV AL * 

-12- 



SNTP 



DDAP_TRIES seconds. The packet specifies DDAP_PORT, the port at which the SDA 
will listen for the DDAP request packet. In the preferred embodiment, DDAP_PORT is 
10001, DDAP_TRIES is 3 and NDAP_INTERVAL is 10 seconds. Following is a 
notification Request message format: 

NDAPRequest (DDAP JPORT value) 
where DDAP_PORT is the UDP port at which the SDA will listen for the SS Discovery 
Request. 

DDAP - Discovery Device Appliance Protocol 

[0031] DDAP is a UDP protocol that the site server uses to identify all SDA on the 
network and ready them for transmission of the Description Document. DDAP 
comprises two formats: Discovery Request and Discovery Response. 

Discovery Request 

[0032] The Discovery Request packet is sent by the SS in response to an NDAP 
Notification Request from the SDA. Its purpose is to notify the SDA that the SS is ready 
for establishment of the connection for CD ATP which will control the transfer of the 
Description Document. In one embodiment, the request packet will target either: 

• All SDA; or 

• An SDA with a specified Friendly Name; or 

• An SDA with a specified Universal Device Name 

The Universal Device Name (UDN) is a permanent, unique identity assigned at 
manufacture to each SDA. The Friendly Name may be assigned by the installing 
technician and is designed for easy recognition by system users. The Friendly Name 
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need not be unique, for example, there may be more than one "Portal gate reader," 
however, each is differentiated by its unique UDN. If either the Friendly Name or UDN 
are present, then the SDA that matches the identification will respond to the request If 
both the Friendly Name and the UDN are not specified in the packet, then all SDA will 
respond. The latter function is typically performed at initialization time. 

[0033] The DDAP Discovery Request UDP packet specifies: 

• SS IP as source address 

• Broadcast IP destination address 

• Destination UDP port of DDAP_PORT 

The Discovery Request message format is: 

DDAPRequest {DDAPJNTERVAL value) (NDAP_PORT value) ( EDATPJPORT value) 
<CRLF> 

(Friendly Name) (UDN value) <CRLF> 

where DDAPJNTERVAL is the time interval from which the SDA will choose a 
random time at which to respond to the SS with the DDAP Discovery Response packet. 
In the preferred embodiment, DDAPJNTERVAL is 10 seconds. 
NDAP_PORT is the port at which the SS will listen for the SDA response to the 
Discovery Request. In the preferred embodiment, NDAP_PORT is 10000. 
EDATP_PORT is the port at which the SS will receive event messages from the SDA. In 
the preferred embodiment, EDAPT_PORT is 10010. 
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[0034] To provide for collision resolution, the Discovery Request will be repeated 
DDAP_TRIES times. In the preferred embodiment, DDAP_TRffiS is 3. On receipt of 
the Discovery Request, the SDA responds with the DDAP Discovery Response packet at 
a random time within DDAP_INTERVAL seconds. 

Discovery Response 

[0035] The SDA responds to the Discovery Request packet by sending the DDAP 
Discovery Response packet at a random time selected from time interval 
DDAP_INTERVAL. 

The DDAP Discovery Response UDP packet specifies: 

• SDA IP as the source address 

• SS IP as the destination address 

• Destination UDP port of NDAP_PORT 

[0036] The Discovery Response message format is: 
DDAPResponse (CDATP_PORT value )<CRLF> 
(Friendly Name \ EMPTYj (UDN value)<CRLF> 

where CDATP_PORT is the TCP port that the SDA will listen on to receive command 
packets from the SS. In the preferred embodiment, CDATP_PORT is 1001 1. Friendly 
Name is the name of the SDA or the keyword EMPTY. The UDN value is the Universal 
Device Name (UDN) of the particular SDA. 

CDATP - Control Data Appliance Transfer Protocol 
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[0037] CDATP is a TCP protocol used to send commands, including the command to 
upload the Description Document. A site data appliance listens on CDATP_PORT for a 
connection from an SS. In the preferred embodiment, CDATP_PORT is 10011. The SS 
sends commands over this socket connection which are then executed by the SDA. For 
each command, the SDA will complete processing and return a response to the SS before 
accepting another conmiand. This is a TCP connection and thus the SS can issue any 
number of commands without necessity to re-establish the connection. The SS should 
shutdown the connection as soon as it is done with the immediate task and should be 
prepared for the socket connection to be broken at any time (an SDA reset, a faulty hub 
or power fluctuations). The socket connection is typically not maintained longer than a 
second. 

[0038] A command is comprised of ASCII characters terminated with a carriage 
retum/line-feed. Following is an example of a Command format: 

( command)<CRLF> 

An example command is the word description. The Description command returns the 
Description Document in XML format. 

EDATP - Event Data Appliance Transfer Protocol 

[0039] EDATP is a TCP protocol that a site data appliance uses to transfer event data. 
The site server (SS) listens on port EDATP_PORT for an event from an SDA. In the 
preferred embodiment, EDATP_PORT is 10010. Each event is an ASCII text line 
terminated by a <CRLF>. The format of an EDAPT event: 
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field 


range 


length 


Hp^prinfioTi 


QpniipnfP niimHpr 


00-FF 

\J\J X X 




TTniniif* qphiiptipp niimHpr aQ hpv-A^r^TT 

V_>111UUW o&UU&llV^ llUllIL^Wl uo II&A i^vJV^XX 


flap 
I lag 


00-FF 

\J\J X 1 




flacT hpY-A^r^TT ^pp Hplnw 


uci y \ji y w cLi 


001-16S 


J u y 


TiiHan Hav of vpar ac Hppitnal TiiimV>pr 
juiidii vici y \ji y&ua u&L/iiiiui iiuiiiL/&i 


second of day 


00001-86400 


5 bytes 


second of day as decimal number 


icser vcci 




H Dyica 


rveacrvcLi da f udsnes. 


event object 


Ascn 


n bytes 


Source of event where n is the element 
rcicrciiLC 


space 


0x20 


1 byte 


A space separates the event element from 

ally CVCIll ICAl Uldl iOIlUWS. 






111 \jy%\0fO 


Anv HpQprintivp tPYt aQQOPiatpH with thiQ 

rxliy UWOWl 1 pLl V& IC/Al U.OaVJV^lClLwLl Willi tllld 

event. 


line end 


OxOdOa 


2 bytes 


event line end ( CRLF ) 



[0040] Each event upload will consist of 1 to 127 event lines terminated by a <CRLF>. 
A null line (a line with only <CRLF>) terminates the event uploads. When the Site 
Server receives the null line, it will send the event response to the SDA with the number 
of events received (which includes any events that the SS discarded via duplicate 
rejection). Multiple event uploads can occur on the same socket connection. However, in 
each upload no more than 127 events are to be uploaded before the SDA receives a 
response from the SS. The Event response message format: 

(number of events received) <CRLF> 

[0041] Following is an example of an event exchange: 
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• The SDA sends event message 1 : 

lAOO 12386399 — rfid.collect.event tagID = 21368 data = "four" antenna[2].RSSI = 
123<CRLF> 

• The SDA sends event message 2: 

1B0012386399 — rfid.antenna.event antenna[l] = FAIL<CRLF> 

• The SDA sends the end of messages signal: 
<CRLF> 

• The SS responds, informs the SDA that the SS has received two event 
messages: 

2<CRLF><CRLF> 

Sequence Number 

[0042] The Site Server will compare the sequence numbers in the current upload with the 
sequence numbers in the previous upload. Events from the current load that match in 
sequence number the previous load are discarded. For example, the SDA uploads 7 
events with sequence numbers Ox AO through 0xA6 and does not receive a response 
within the allowed timeout period. The SDA buffers 3 more events before the upload is 
retried, in the second case with all 10 events with sequence numbers Ox AO through 0xA9. 
The duplicated events are detected using the sequence number and thus the Site Server 
discards the first 7 (OxAO through 0xA6) events from the second upload. 
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Flag 

[0043] The flag field indicates special circumstances: 



name 


code 


description 


BREAK 


0x01 


previous event not sent 


SUPER 


0x02 


supervisory event 


TEST 


0x04 


SDAxontrol =TESTMODE 



The BREAK flag indicates that the sequence number of the current event and the 
previous event were not consecutive. The SUPER flag indicates that this event indicates 
a failure that requires service. The TEST flag indicates that the event was generated 
while the SDA was in test mode. Further flags may be added to indicate special behavior 
required by the event, for example, to indicate that an XML document follows the event 
code. This may be needed when an SDA delivers a complex document such as a shipping 
bill to the Site Server and it may be necessary to store these large "events" as files. In this 
situation, a flag would serve to indicate a file management situation. 

Time stamp 

[0044] The time stamp consists of the Julian day and the second of the day, thus 
uniquely defining the event. The event time stamp may not always be in sequence, for 
example after a time adjustment has been made to the SDA. 

Event object 

[0045] The event object is a character string that uniquely identifies the event source and 
event type. 
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Event detail 

[0046] The event detail will depend on the specific capability of the SDA and the 
requirements for processing events in the Business Logic and Data Center. 

[0047] Figure 1 is a network diagram illustrating one embodiment of a supply chain 
network. Data sources (e.g., RFED tags or other devices that are able to provide 
information) are attached to boxes, totes, racks, pallets, containers, etc., and provide 
identification information as well as other information (e.g., size, weight or container 
contents). For example, as a container carrying a specific part is transferred from a 
source site (the supplier 120) to a destination site (the customer 126), the data source on 
the container may be read by the DSE in the supplier 120, the factory 122, the 
distribution center 124 and the customer 126, thus providing location and status 
information. In addition, while in transit, the location of the container may also be 
tracked using satellite cellular communication. 

[0048] The data source may be automatically read by a DSE strategically positioned in 
different locations (e.g., supplier 120 or distribution center 124). The information from 
the data source is sent to one of the SDA in the SDA group 1 10 which then sends the 
information to one of the SS 105-108 using the UDAP protocol. 

[0049] Each of the SDA is uniquely identified in the supply chain network. As such, a 
combination of the information from the data source, the associated DSE and the 
associated SDA may be used to determine the location of the data source and/or time the 
data source was detected. 
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[0050] As described supra, the interface specifications from each of the DSE may 
include, for example, command syntax information or event information. The command 
syntax information may be used to issue commands to the DSE to retrieve configuration 
information. The event information may be used to determine status of the DSE. For 
example, the DSE may generate an event including error condition information to notify 
that the DSE has a faulty indicator. When an SDA in the SDA group 110 experiences 
problems, such as read errors, that SDA may generate error messages and send them to 
the appropriate SS 105-108. 

[0051] In one embodiment, each of the SDA in the SDA group 110 may also send its 
own information to one of the SS 105-108. When a new SDA is inserted into the site 
supply chain network, the new SDA automatically initiates execution of the discovery 
procedure that will bring it online to the SS. This automatic installation procedure is 
executed using the UDAP protocol and the Description Document as will subsequently 
be described. 

[0052] Referring to Figure 1, when the DC 100 receives error information from a DSE 
connected with the SDA in the SDA group 1 10, alerts can be generated and sent to the 
appropriate user or operator interface 197 using, for example, email or fax. In one 
embodiment, an SS 105-108 stores the information received from an SDA and 
periodically forwards that information to the DC 100. This allows the SS 105-108 to 
send an aggregate of information without requiring a continuous connection with the DC 
100. The DC 100 may also query the SS 105-108 at any time to request that the 
information be sent. 
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[0053] In one embodiment, connection between the DC 100 and the SS 105 - 108 is 
through the Internet 109. Alternatively, the connection may also be through a dedicated 
line such as, for example, the connection between the DC 100 and SS 106 and 107. One 
skilled in the art will recognize that other types of connection may also be used. The 
information communicated from the SS 105-108 to the DC 100 may be accessed via a 
web browser 195 through the Internet. The information may also be accessed by 
enterprise software 196 for further processing to fulfill customer needs to strategize 
ordering processes or to compensate for shortfalls in product that are being detected 
through the supply chain data. 

[0054] Figure 2 is a block diagram illustrating one embodiment of a site supply chain 
network. Data source equipment (DSE) 215 (e.g., RFED reader, bar-code reader) reads 
data from data source 220 (e.g., RFED tags, bar codes). The data source 220 may have 
been placed on a pallet or a container 225. For example, the data source 220 may be an 
RFID tag such as an Intellitag model 500 tag and the DSE 215 may be an RFED reader 
such as an Intellitag Reader from Intermec Technologies Corporation. 

[0055] Communications moving along communication link 208 between the site server 
205 and the SDA 210 use the UDAP protocol. Data source equipment 215 is a typical 
example of equipment that does not have UDAP capability, therefore a UDAP adapter 
210 is required. UDAP adapter 210 may be connected with the DSE 215 using a data 
port such as, for example, an RS-232 port. UDAP adapter 210 translates the UDAP 
protocols from SS 205 into the command structure necessary for communications 
between DSE 215 and SS 205. UDAP adapter 210 receives data (e.g., tag ID) from data 
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source 220 through DSE 215 and translates it for transmission to the SS 205. UDAP 
adapter 210 also retrieves configuration data including hardware diagnostic information, 
temperature, transmit power and antenna connection from DSE 215, translates and 
forwards single tag read/write commands and configuration commands from SS 205 to 
DSE 215 and may download new firmware to DSE 215. 

[0056] UDAP adapter 210 may be implemented in hardware or software. For example, 
the UDAP adapter 210 may be a hardware device separate from the DSE 215. 
Alternatively, UDAP functionality may be integrated and implemented in software 
resident in, for example, workstation 235. In this case, workstation 235 is coupled with 
DSE 216 and communicates via link 208 to SS 205 using the UDAP protocol. The 
software may reside in a storage media or it may be in firmware (e.g., read-only memory 
(ROM)). 

[0057] Workstation 235 and UDAP adapter 210 serve as interfaces between DSE 216, 
215 respectively and the SS 205. In one embodiment, the workstation 235 may also 
perform other functions, for example, as a print server for the site. Alternate forms of 
configuration may find, for example, DSE 240 and UDAP adapter 245 integrated within 
one device, SDA 218. The SDA 218 is connected directly with the SS 205, again over 
link 208. In one embodiment, workstation 235, UDAP adapter 210, SDA 218 and the SS 
205 are all connected via an Ethernet network. The SS 205 is connected with the DC 
230. 

[0058] Figure 3 is a block diagram illustrating one embodiment of a supply chain 
network 300 to which multiple site servers are connected. For example, site server 335 
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uses the UDAP protocols to communicate via connection 360 to multiple SDA. For 
example, the devices 310, 315 may be UDAP integrated SDA devices similar to the SDA 
218 in Figure 2. The devices 320, 325, 330 may be a DSE similar to the DSE 215 in 
Figure 2. When Description Documents are to be transferred to SS 335, each of SDA 
310 and 315 assembles the information from its internal storage and from its respective 
integrated DSE and transfers the information to the SS. UDAP adapter 305 assembles 
the specification information from each of DSE 320, 325 and 330 using connection 355 
and then sends the information to the SS 335 using the UDAP protocols over connection 
360. Each of DSE 320, 325, 330 has a permanent unique universal device name (UDN) 
assigned by the manufacturer. In one embodiment, a local name, known as a Friendly 
Name, may be also used to identify the DSE. Using a Friendly Name (for example, 
"Rear Door, right side" instead of "A-00- 12435"), instead of the abstract UDN, facilitates 
the users in locating and identifying the DSE. As described earlier, connection 360 may 
be an Ethernet connection, communications over which are controlled by the UDAP 
protocol. 

[0059] The supply chain network 300 may be part of a larger network 340 having 
connection to networks 301, 302 and 303. The network 340 is connected to a data center 
DC 375 which may serve as a centralized data collection point where network 
management information (e.g., alerts or error messages) is collected. In one embodiment, 
the SS 335 is connected with DC 375 through the Internet (e.g., the connection between 
the SS 108 and the DC 100 in Figure 1). Communication between the SS 335 and the 
DC 375 may be implemented using protocols such as HTTP (HyperText Transfer 
Protocol). It will be apparent to one skilled in the art that other methods of connecting 
the SS 335 to the DC 375 may be used. 
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[0060] Figure 4 is a flow diagram illustrating an exemplary process of an SDA 
discovery and automatic installation. Automatic installation and discovery of an SDA are 
accomplished by each SDA formatting a Description Document in the XML language 
and transferring that information to the site sei*ver using the UDAP protocol. The SDA is 
completely characterized by its Description Document, which can be viewed with or 
without an SS. Configuration of the SDA and DSE may be achieved through different 
scenarios. For example, the SDA may be pre-configured by the installer based on 
previous site surveys of the customer site. These parameters are then immediately 
available for the Description Document. Alternately, the SDA may be brought to the site 
for installation without being configured. The installer will mount and connect the SDA 
and then insert the parameters into the device using a portable computer. Verification of 
the configuration may be made by accessing the SDA direcdy, or through the SS, using 
the portable computer. 

[0061] The process in Figure 4 starts at block 405. The SDA is physically installed and 
power is turned on. The SDA then sequences through its POST (Power On Self Test) and 
at block 410 sends a BOOTP communication to the SS to request an IP address. In one 
embodiment, the SS may assign the IP address to the SDA automatically when the SDA 
is plugged into the site supply chain network, as shown in block 415. As discussed 
supra, BOOTP is a standard UDP protocol implemented in the UDAP protocol suite. 
When the boot process is completed, the SDA has obtained an IP address which identifies 
the SDA on the network. Alternatively, the IP address may be assigned by an operator 
running a utility on a portable computer attached direcdy to the SDA. 
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[0062] At block 420, after reception of its IP address, the SDA sends the SS a 
notification request packet using NDAP, a member of the UDAP protocol, to notify the 
SS that it is online. At block 425, the SS has been listening for the NDAP notification 
packet. When the SS receives the notification packet, it sequences to block 430 to 
acknowledge the notification request by sending the discovery request packet using 
DDAP, another of the UDAP protocol. 

[0063] At block 435, the SDA receives the DDAP discovery request packet and responds 
with the DDAP discovery response packet. 

[0064] At block 440, after assembling the Description Document, the SS establishes a 
CD ATP connection with the SDA for transmission of the Description Document. The 
SDA then proceeds to assemble the Description Document information for transmission 
to the SS as discussed supra. 

[0065] At block 445, the SS receives the Description Document and forwards it to the 
Data Center where it is parsed and the information stored in the Configuration Table as 
an installation record for the particular SDA. In addition, the SS synchronizes the SDA 
time clock using the SNTP protocol. 

[0066] At block 450, the sequence ends. The SDA is now operational. Commands to 
the SDA (e.g., status, read poll, set status indicators, select antenna or shut down) are 
communicated using the CDATP protocol which also handles the acknowledgements. 
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Events that occur (e.g., tag reads or equipment failure) are communicated from the SDA 
to the SS, and acknowledged, using EDATP as discussed supra. 

[0067] The Description Document may need to be updated if the SDA is replaced or 
reconfigured. Referring to Figure 4, if the SDA is replaced, the sequence enters at block 
405 and continues as described supra. If the SDA has been updated or reconfigured, the 
sequence would typically be entered at block 420. In either of these cases, sequencing 
continues to block 450 resulting in a new Description Document sent to the SS. 

Description Document 

[0068] The Description Document is composed in extensible markup language (XML) 
and provides specifications, properties, methods, and events of the DSE and also of the 
SDA. For example, the Description Document may include specification information 
about the DSE such as product name and type and operating modes. The DSE properties 
may include syntax information of commands recognized by the DSE. Methods may 
include information about capabilities of the DSE (e.g., the DSE may be enabled to write 
data to a tag). The events may include information about events that the DSE is capable 
of generating (e.g., write error or read failure). 

[0069] The Description Document is formatted in human readable form, rendering the 
document easy to read by the user or maintenance personnel using simple communication 
programs such as telnet. In contrast, many existing systems provide the data available 
only in machine language code (i.e., binary codes), rendering access and manipulation of 
the information regarding the equipment cumbersome. For this reason, maintaining a 
record of the current configuration of a device may be difficult because the device 
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evolves faster than the management software. For example, a new parameter for a device 
may require modifications to the database or other viewing engine to accommodate the 
new information. Report software may need to be updated to display, modify or compare 
the new field. Availability of the Description Document addresses this problem since the 
information is presented in easily readable form and the document may be modified 
simply be entering new format tags with accompanying data. 

[0070] In one embodiment, the Description Document may include specification 
information for more DSE than the actual number of connected devices. That is, the 
Description Document may include description information for a DSE that has been 
ordered for a site however, it has not been delivered or not been connected. In this 
situation, the description information for the DSE may be disabled in the Description 
Document. When that DSE is connected, the description information for that DSE is 
changed to "enabled". Thus, the commands for this new DSE can be made available at 
the SS or the DC in a short time. By viewing the Description Document, a user can see 
what events are available from the DSE and the commands to enable or disable each 
event. 

[0071] The Description Document provides a menu of commands that can be performed 
on the SDA and associated DSE. The syntax for the Description Document is in a dotted 
node format in accordance with the document object model (DOM) dotted node 
designation format. Thus command syntax can be read directly from the Description 
Document. For example, the information for a departure command may be written as: 

<a> 
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<b> 



<event> DEPARTURE </event> 
<status>OK</status> 



</b> 



</a> 



[0072] Using the dotted node syntax, the command to enable "departure" events would 
be written as: a.b.event=DEPARTURE. When an event is generated, a dotted node 
string derived from the Description Document identifies the event to the SS and the DC. 
In the above example, the event may be reported as: 

0001 123123456— a.b.event DEPARTURE<CRLF><CRLF> 

where the number at the left is the EDAPT event header which includes a time stamp and 
other information about the event. When the event is received by the DC, information 
about the SS (e.g., SS product ID) and the SDA (e.g., UDN number) is included to enable 
the DC to identify where the event was generated. 

[0073] Figures 5A and 5B illustrate an exemplary Description Document. The 
document starts with an <sda> tag which is the root element of the Description 
Document. All other elements will be nested inside the <sda> tag and its closing </sda> 
tag. Nested elements may include elements for product information, network 
management, log container element, device container elements, etc. 

[0074] Referring to Figure 5A, group 500 provides information about the SDA. This 
information may include, for example, name of manufacturer, domain name of the 
manufacturer, product name, model number, manufacturing date, universal name, 
friendly name, etc. Group 505 exemplifies control information about an event log. In 
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this example, the event log holds events waiting to be reported by the SDA to the SS. In 
one embodiment, there is no priority assigned to events and the event log stores the 
events in time order. A threshold is used to generate an event when the number of events 
in the log is excessive. Additionally, when the capacity of the event log is exceeded, new 
events may be discarded and a "lost" counter incremented. 

[0075] Group 510 is shown as a single tag "<reset/>". This is a shorthand method of 
writing the null group <reset></reset>. There is no information related to the reset 
function, thus it is shown as a null group. 

^0 [0076] Group 5 15, at the bottom of Figure 5 A and continuing at the top of Figure 5B, 

;3 provides specification information about the connected DSE, in this example an RFID 

[--J reader. Group 515 may include a friendly name, version number, descriptive text used 

J„ for service and maintenance (e.g., last service date), antenna configuration, type of event 

5 1 (e.g., collect, departure), read configuration (e.g., the number of retries in case of a read 

■I error, the time to wait for completion of a read), write configuration (e.g., the number of 

retries in event of a error when writing to a tag). 

[0077] Referring to Figure 5B, Group 520 describes the SDA clock control ("ENABLE" 
command), and SDA time and date information. The SDA can be enabled to generate an 
event if there is a clock failure condition. Group 525 describes the serial port of the SDA 
(e.g., standard UART port in RS232 mode). An SDA serial port can be used to attach a 
third party reader such as, for example, a bar-code reader as shown in Group 525. On 
detection of a bar code read, an event could be generated to the SS so that the SS can 
issue a serial read to retrieve all bytes associated with the bar code. Group 530 describes 
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the parallel port of the SDA and a device attached to this parallel port. The Description 
Document ends with the </sda> tag at the bottom of Figure 5B. One skilled in the art 
would recognize that other groups may be used to provide additional descriptions (e.g., 
commands or events) about the SDA and the attached readers. 

[0078] System maintenance may also be done remotely from the DC since the 
Description Document is uploaded from the SS to the DC, the maintenance may include, 
for example, increasing the RF range of an RFID reader to enable more distant tags to be 
detected and reported to the system, or downloading a software component or business 
13 logic to the SDA modify or install processes for events or to perform control functions at 

^0 the reader. Since the Description Document provides all parameters in human readable 

;^ form, maintenance and other tasks that are routinely performed are greatly facilitated. 

New features installed in the equipment or configuration modifications are easily 
j;:^ interpreted without necessity to modify the existing user interface and control programs. 

]z [0079] The stored Description Document may also be used for comparison with 

subsequent instances of the Description Document to correct configuration problems, for 
example, after a reader is swapped with another unit but the parameters have not been 
accordingly adjusted. In this event, read or detection errors may occur until the 
parameters are adjusted, which may be performed from the DC using the descriptive 
information in the document. The updated Description Document is then stored so that 
the site installation information incorporates the new reader information. 

[0080] The Description Document may be viewed and or edited at the SS using a 
console or a portable computer, for example, to update configuration entries. The 
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Description Document may also be uploaded to a remote site to allow information about 
the SDA or DSE to be analyzed and or modified. Information in the Description 
Document allows a diagnostician to request specific information from the DSE or to 
perform local commands. For example, if the function is supported by the tag, the DSE 
may be commanded to perform a write data to tag command. Each of these operations is 
facilitated by the fact that the Description Document is self-describing. It contains all the 
information necessary to perform the operation. All command and data syntax is always 
available and easily understood. 

[0081] Figure 6 is an exemplary Configuration Table. The SS uses the Description 
Documents from each SDA to build a Configuration Table consisting of the IP address, 
the UDN, and the Friendly Name for each SDA along with various other parameters. 
The Configuration Table is uploaded to the DC and combined into a master 
Configuration Table which may be used as a reference by the DC for managing its 
network of SDA and DSE devices. 

[0082] The Configuration Table illustrated in Figure 6 consists of information for three 
SDA devices. The group 605 describes the first SDA having a Friendly Name 
"D0CK12" and IP address 169.254.1.22. Additional information for this SDA includes 
the unique UDN number, the SDA model, the number of attached readers and the type of 
readers (e.g., inbound, outbound). Group 610 describes a second SDA with the friendly 
name "Wash Station" which has an attached RFID reader manufactured by Amtech. The 
second SDA also has a device attached to its serial port. Group 615 describes a third 
SDA having an RFED reader and a device attached to its serial port, however, the 
manufacturer of the RFID reader is not identified. 
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[0083] Figure 7 is an exemplary flow diagram illustrating event processing using the 
map of business logic component to event. A business logic component refers to an 
event handler associated with a user, which has been assigned to an SDA and an event 
type. The process of Figure 7 starts at block 705. As described earlier, the discovery 
sequence is complete when the SDA sends the Description Document to the SS as shown 
in block 710. The Description Document contains information that describes the objects 
(i.e., hardware / software components) available from the SDA, with their properties, 
methods and events clearly specified. The SS sends the Description Document of each 
SDA detected on the network to the DC, as shown in block 715. The Description 
Documents may be stored in a database at the DC. Since the Description Document is in 
XML language, an XML parser is used to parse the document. At the DC, the mapping 
of events to business logic for each SDA is performed as shown in block 720. This map 
is called a business logic dispatch table or dispatch table. After the dispatch table has 
been defined, an event generated from an SDA can be processed using the event handler. 
The list of events that can be generated by the DSE and its SDA is obtained from the 
Description Document. In some situations, a default event handler is specified to process 
events not associated with a specific event handler. 

[0084] Subsequent to the mapping process, the dispatch table is downloaded from the 
DC to the SS as shown in block 725. When an event occurs at the SDA, the event is 
carried to the SS. At the SS, the business logic dispatcher accesses the dispatch table to 
find the appropriate event handler using the event object as the key, as shown in block 
730. Event information (time, context, data, etc.) is then passed into the event handler for 
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further processing, as shown in block 735. The event may also be exported to the DC for 
further processing, as shown in block 740. The process ends at block 745. 

[0085] The operations of the various methods of the present invention may be 
implemented by a processing unit in a digital processing system, which executes 
sequences of computer program instructions which are stored in a memory which may be 
considered to be a machine readable storage media. The memory may be random access 
memory, read only memory, a persistent storage memory, such as mass storage device or 
any combination of these devices. Execution of the sequences of instruction causes the 
processing unit to perform operations according to the present invention. The 
instructions may be loaded into memory of the computer from a storage device or from 
one or more other digital processing systems (e.g. a server computer system) over a 
network connection. The instructions may be stored concurrently in several storage 
devices (e.g. DRAM and a hard disk, such as virtual memory). Consequendy, the 
execution of these instructions may be performed directly by the processing unit. 

[0086] In other cases, the instructions may not be performed directly or they may not be 
directly executable by the processing unit. Under these circumstances, the executions 
may be executed by causing the processor to execute an interpreter that interprets the 
instructions, or by causing the processor to execute instructions which convert the 
received instructions to instructions which can be directly executed by the processor. In 
other embodiments, hard-wired circuitry may be used in place of or in combination with 
software instructions to implement the present invention. Thus, the present invention is 
not limited to any specific combinadon of hardware circuitry and software, nor to any 
particular source for the instrucdons executed by the computer or digital processing 
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system. 



[0087]From the above description and drawings, it will be understood by those of 
ordinary skill in the art that the particular embodiments shown and described are for 
purposes of illustration only and are not intended to limit the scope of the invention. 
Those of ordinary skill in the art will recognize that the invention may be embodied in 
other specific forms without departing from its spirit or essential characteristics. 
References to details of particular embodiments are not intended to limit the scope of the 
claims. 
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